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ABSTRACT 
Daily rings were found to occur in the otoliths of laboratory-
reared, young-of-the-year largemouth bass, Micropterus salmoides, for at 
least 151 days after swimup. Ring formation began at hatching but the 
total complement of prolarval rings was visible for only 10-15 days after 
swimup. Subdaily rings were visible in the posterior field but were 
easily distinguished from daily rings. Both high and low contrast tissue 
was present in otoliths from fish over 45 days old. Sagittal sections 
were superior to frontal sections for aging bass. The accuracy of the 
two--sections was similiar but sagittal sections were much easier and 
faster to prepare and considerably more readable. Otolith growth was 
directly proportional to body growth and they-intercept was not substan-
tially different from O. Daily rings were used to determine the spawning 
interval of largemouth bass in Lake Shelbyville, a reservoir in central 
Illinois, and to calculate growth rates of young-of-the-year bass from 
two different areas of the reservoir. The estimated spawning interval 
of largemouth bass in Lake Shelbyville lasted from 26 April to 19 June. 
Mean calculated gro~~h rates for each collection of young-of-the-year 
bass varied from 0.88 to 1.14 mm per day. By mid September young-of-the-
year bass had grown significantly faster at the upper end of the reservoir 
than at the lower end. Differential mortality between early and late 
spawned bass did not occur between mid June and mid September. 
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Daily Growth Increments in the Otoliths of Young-of-the-Year 
Largemouth Bass, ~icropterus salmoides 
INTRODUCTION 
The inner ear of bony fishes serves as an organ of equilibrium and 
sound detection and contains three otoliths, the sagittae, lapillus, and 
asteriscus (Lagler et al. 1962). These otoliths, enclosed by a membran-
ous labyrinth, lie posterolateral to the cranium (Lagler et al. 1962). 
Otoliths consist of calcium carbonate in the aragonite form, inter-
mixed with an organic matrix (Irie 1960). Degens (1969) found this 
organic matrix to correspond to otolin, a fibrous protein characterized 
by a high abundance of acidic amino acids. The ratio of calcium to 
organic matrix deposited varies with temperature and the physiological 
condition of the fish (Irie 1960). During periods of fast growth, cal-
cification greatly exceeds the formation of organic matrix resulting in 
the deposition of a broad inorganic band. During periods of slow growth 
calcification is greatly reduced and may stop depending on the tempera-
ture experienced by the fish. The deposition of organic matrix however, 
remains constant resulting in the formation of an organic band. This 
organic band corresponds to the annulus formed on the scales of temperate 
fish species (Williams and Bedford 1974). The exact mechanism by which 
otolith grow~h occurs is unknown but it is believed to be a function of 
the subcupular meshwork of the otolithic membrane (Dunkelberger et al. 
1980). 
Pannella (1971) first described the occurrence of daily growth in-
crements in the otoliths of three species of temperate Atlantic fish and 
suggested that these rings may be a universal feature of fish otoliths. 
Since his initial studies the occurrence of daily growth rings has been 
reported for a variety of both temperate and tropical species (Scott 1973; 
Pannella 1974; Struhsaker and Uchiyama 1976; Brothers et al. 1976; 
Taubert and Coble 1977; Barkman 1978; Fagade 1980; Schmidt and Fabrizio 
1980; and ~ilson and Larkin 1980). 
Daily rings are defined as adjacent bands of calcium carbonate and 
organic matrix which make up the smallest visible growth increments of 
the otolith (Pannella 1971). The occurrence of these adjacent bands, 
1 
2 
which appear light and dark respectively using transmitted light, has 
been suggested to be a function of an internal-diurnal clock entrained 
by a 24-h light-dark cycle (Taubert and Coble 1977). 
Taubert and Coble (1977) documented the occurrence of daily growth 
rings in the otoliths of three species of Lepomis and described what 
appeared to be daily rings in the otoliths of largemouth bass. Schmidt 
and Fabrizio (1980) reported that daily rings do occur in the otoliths 
of largemouth bass and could be used to age fish up to at least 80 days. 
They collected wild specimens on different dates during the summer and 
correlated the number of daily rings counted with the number of days 
between samples. Although their findings support the hypothesis of daily 
ring formation on the otoliths of largemouth bass, they did not provide 
conclusive evidence nor did they establish the age of fish at which ring 
formation was initiated. 
The objectives of this study are to confirm the occurrence of daily 
rings in the otoliths of known-age, laboratory-reared largemouth bass; 
to determine when the first daily rings are formed; and to compare 
sagittal and frontal sections with respect to ease of preparation, 
readability, and accuracy of age determinations. This information will 
then be used to determine spawning periods of adult largemouth bass, and 
growth rates of young-of-the-year bass collected from two different areas 
of a central Illinois flood control reservoir. 
Previously, growth rates of young-of-the-year largemouth bass have 
been determined by collecting extensive length frequency data on differ-
ent dates and dividing the difference in mean total length by the number 
of days between samples (Kramer and Smith 1962). The occurrence of 
daily growth rings could provide a simpler, more accurate method for 
studying the growth history of age o+ bass, as well as a more accurate 
method for assessing the interval during which they were spawned. For 
daily rings to be of practical use to the fisheries biologist however, 
verification of daily ring formation as well as refinement of otolith 
preparation techniques is needed. 
3 
~l.\TERIAL.5 AND ~tEI'HODS 
Known Age Specimens 
Largemouth bass larvae were obtained by artificially spawning ripe 
adults in the laboratory on 11 May, 1980. Fertilized eggs were held at 
19° C in floating hatching cups (Gale 1977) and after hatching, prolarvae 
(terminology of larval fishes follows Hubbs 1943) were transferred to 
15.6 liter aquaria in a closed recirculating system. Bass hatched 3 to 4 
days after fertilization and began feeding 7 to 8 days after hatching. 
Fish were fed frozen or freshly hatched brine shrimp, Artemia ~ twice 
daily and held at a photoperiod of 15 L/9 D. Water temperature in the 
aquaria increased slowly from 19° to 27° C during most of the summer and 
then fell slowly in early autumn to 16.5° C. 
Three bass were frozen daily for 5 consecutive days beginning at 
swimup (the day of initial feeding) and at 4 or 5 day intervals there-
after to day 101. Bass were then sacrificed at 10 day intervals until 
day 151 when the sample was depleted. 
The sagittae, the largest of the three pairs of otoliths of the 
inner ear were the only otoliths suitable for use in this study. To 
prepare the otoliths, bass were thawed and measured to the nearest 0.5 
mm. Sagittae from fish less than 25 mm TL were removed by placing the 
specimen on a glass slide and teasing apart the head with fine dissecting 
needles while observing with a variable (10-30X) binocular dissecting 
microscope. The sagittae, which appeared as two shiny discs, were 
separated from the surrounding tissue and allowed to air dry. These 
otoliths, which were small and difficult to handle, were transferred by 
melting a small drop of thermoplastic cement on a dissecting needle and 
while still warm, touching it to the otoliths. The drop was then remelted 
into a small amount of thermoplastic cement previously secured to a 
microscope slide. 
Sagittae from fish greater than 25 mm TL were removed by making a 
transverse incision along the posterior edge of the operculum. Each 
otolith was cleaned, air dried, and then transferred to the end of a 
microscope slide using the same technique previously described for small 
otoli ths. 
Otoliths were prepared for observation by one of two methods, de-
pending on the size of the fish from which they were removed. 
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Otoliths from fish less than 15 mm TL were so transparent that they were 
observed directly under oil immersion in the sagittal plane (Figure 1). 
Otoliths from fish greater than 15 mm TL were less transparent and as a 
result were sectioned in either the frontal or sagittal plane (Figure 1). 
Frontal sections were prepared in the manner described by Taubert 
and Coble (1977). The end of a slide was heated and the ventral edge of 
the otolith was secured to the slide. After cooling, the otolith was 
ground against wet no. 400 wet-dry sandpaper until the nucleus (the 
portion of the otolith formed during the period prior to swimup) was 
nearly exposed. The cement was then heated and the otolith repositioned 
with the freshly ground surface being secured to the slide. Grinding was 
resumed until the innermost rings were exposed. The otolith was then 
polished against a wet felt pad and etched in 1% HCL for 30-45 seconds. 
If a frontal section was not considered readable, the procedure was 
repeated for the second otolith. If a continuum of rings was discernible, 
the second otolith was ground in the sagittal plane (Figure 1). 
Complete sagittal sections from the anterior to the posterior edge 
were difficult to obtain because larger otoliths were concave on one side 
and convex on the other (Figure 1). Therefore, the proximal surface of 
the otolith was secured to the slide, with a plane from the nucleus to 
the posterior edge positioned parallel to the plane of the slide. The 
exposed surface was ground until a flat plane from the center of the 
otolith to the posterior edge was obtained. The slide was then heated 
and the otolith repositioned with the newly ground surface being 
secured to the slide. The exposed surface was ground until the innermost 
rings became visible. The otolith was then polished and etched in 1% HCL 
for 30-45 seconds. All otoliths were observed at magnifications from 
40-300X under oil. 
The number of increments in each otolith were counted by the author 
and one other investigator. The otoliths were counted from two to ten 
times by each reader and a mean ring count was determined. To prevent 
bias, slides were numbered and counted randomly and no two ring counts 
were taken consecutively on any individual. ~ean ring counts were com-
pared between investigators and if they differed by either less than 1<J>/o 
or! 3 rings, they were accepted and averaged. If disagreement occurred, 
the otoliths "·ere reexamined. 
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A linear regression was used to determine if there was a direct 
relationship between the number of rings counted (dependent variable) and 
the age of the fish in days (independent variable). 
To determine the relationship between sagittae radius (dependent 
variable) and total fish length (independent variable), 55 otoliths from 
known-age specimens were examined. Using a calibrated ocular micrometer 
otolith radius was measured to the nearest 0.01 mm along a plane extending 
from the center of the otolith to the posterior edge and a regression 
was calculated from these data. 
Age Determinations of Wild Specimens 
Young-of-the-year largemouth bass were collected from two areas on 
Lake Shelbyville, a U.S. Army Corps of Engineers flood control reservoir 
located in Shelby and ~loultrie counties in east central Illinois (Figure 
2). At conservation pool, the reservoir has a surface area of 4,500 
hectares and a maximum depth of 18 meters (Storck et al. 1978). 
Typically, the reservoir has been dra~n down 1.2 m to an elevation of 
181.6 m above sea level in October and allowed to fill to 182.8 m be-
ginning on ~lay 1. The dam is located where the Kaskaskia River crosses 
the Shelbyville moraine. The lower end of the reservoir is characterized 
by a narrow floodplain and steep shorelines, while the floodplain of the 
upper end is wider and more gently sloping. Station I was located mid-
lake on the Sand Creek arm of the reservoir, while station II was located 
in a cove at the upper end of the reservoir (Figure 2). 
In order to determine the approximate temperature range at which 
largemouth bass spawned in Lake Shelbyville, a recording thermograph was 
attatched to a marker buoy located midlake at station II. The thermo-
graph was set at a depth of 1 m to avoid large daily fluctuations in 
temperature which may occur at the surface. 
Through August, young-of-the-year largemouth bass were collected at 
unequal intervals at each station using bag seines (1.2 X 4.5 m, 4.8 mm 
mesh). Thereafter, collections were made using a 230-volt AC boatmounted 
electrofishing unit. Bass were placed in plastic bags and frozen. 
To prepare otoliths for observation, bass were thawed and measured 
to the nearest 0.5 mm. Otoliths were removed and sectioned either 
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frontally or sagittally. 
Ages of wild specimens were determined by the author only. Two mean 
ring counts were detennined independently for each fish and averaged if 
they differed by less than 1o>fa or± 3 rings. If there was disagreement 
between the counts, the otoliths were reexamined and recounted and the 
two values in closest agreement within the 1o>fa limit were accepted. All 
ages are given as the number of days from swimup and growth rates are 
calculated as growth from this date. 
Statistical procedures u~ed on these data followed Snedecor and 
Cochran (1967). 
RESULTS 
Age Determinations of Laboratory Specimens 
Largemouth bass sampled at swimup were 5.0 mm TL and their otoliths 
appeared as small flat discs, 0.7 to 0.8 mm in diameter. Seven or 8 
increments arranged concentrically around a small dark center were vis-
ible in these otoliths (Figure 3). These increments, termed prolarval 
rings because they were formed during the period prior to swimup, indicate 
that ring formation is initiated at hatching. 
The total complement of prolarval rings was visible for only 10 to 
15 days after swimup. Fewer prolarval rings were visible in older fish, 
a result of the increasing opacity of the nucleus with the increasing 
thickness of the otolith (Figure 4). Therefore, only postlarval rings 
(rings formed after swimup) were considered for age determinations. 
Late prolarval rings could not be visually discerned from early post-
larval rings. Therefore, the first prolarval ring was located by de-
termining a mean radius of otoliths removed from fish at swimup. This 
distance, (0.375 mm~ 0.0025 mm) was measured from the center of the 
otolith to be aged and used as a starting point for ring counts. 
One hundred and twenty-three laboratory-raised largemouth bass were 
aged by both observers. Ring counts were made in the posterior field 
(Figure 1) of older otoliths because this was the area of maximum reso~ 
lution. Disagreement between observers occurred in less than 1o>fa of the 
fish aged and no otoliths were discarded because an agreement could not 
be reached. 
Subdaily rings (Taubert and Coble 1977) were present in the posterior 
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field of older otoliths sectioned either frontally or sagittally (Figure 
5). They were easily distinguished from daily rings in sagittal sections 
because they were poorly defined and in frontal sections because they 
disappeared when followed into the lateral field. 
Intersecting daily rings (Taubert and Coble 1977) were present in 
both sagittal and frontal sections of otoliths from older fish (Figure 6). 
When intersecting rings were encountered, several areas of the otolith 
were examined and age was estimated by counting the number of rings 
visible. 
Two types of tissue were found in older otoliths from both known-age 
and wild specimens. One type of tissue exhibited high contrast with well 
defined rings and was present in all areas of the otolith except the 
extreme posterior field. The other type of tissue, present only in the 
posterior field, exhibited low contrast and contained poorly defined 
rings (Figure 7). In known-age specimens, the low contrast tissue began 
forming around the 45th day after swimup (Figure 8). 
A close correspondence between the number of rings counted and the 
age of the fish in days is indicated (Table 1). There was a tendency by 
both observers however, to underestimate the ages of older fish (Figures 
9 and 10). 
Although regressions of number of rings counted versus age in days 
for sectioned otoliths (bass> 15 mm TL) indicate a linear relationship 
(Figures 11 and 12), both slopes were significantly less than 1.0 
(sagittal sections: t=4.74, df=40; frontal sections: t=5.98, df=78; 
P < 0.05). These differences resulted from the underestimation of the 
ages of older fish. The slope of the regression of number of rings 
counted on age in days for all otoliths observed in the sagittal plane 
(both sectioned and nonsectioned) was also significantly less than 1.0 
(t=3.83, df=71, P< 0.05) but was larger than either slope calculated for 
sectioned otoliths (Figure 13). Correlation coefficients (r) for all 
three regressions were greater than 0.99. 
A positive linear relationship between sagittae radius and total 
fish length was evident (Figure 14). The predictive regression was 
determined to be: 
Y= 0.20X - 0.027; r= 0.99 
where, 
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Y= the radius of the sagittae to the posterior edge (mm), and 
X= total fish length (mm). 
They-intercept (0.027) was not substantially different from O (t= 2.55, 
0.01 < P"< 0.05). 
Comparison of Sections 
Of 292 otoliths from both known-age and wild specimens prepared in 
the frontal plane, only 46% were considerd readable (Table 2). In con-
trast, of 194 otoliths ground in the sagittal plane, 9<Jl/o were considered 
readable (Table 2). The poor success of the frontal section is attri-
buted mainly to the inability to obtain a precise section from the nucleus 
to the posterior edge. This difficulty was especially pronounced in 
otoliths from older fish whiah contained large areas of the low contrast 
tissue. 
The time required for otolith preparation varied greatly between 
sections. Sagittal sections were relatively easy to prepare, requiring 
approximately 5-10 minutes per otolith, whereas frontal sections required 
20-25 minutes. The longer preparation time of frontal sections was a 
result of the large amount of grinding required. 
A higher percentage of frontal sections from known-age bass than 
from wild specimens were readable (Table 2). Although speculation at 
this point, this may be related to the size differences between known-
age and wild specimens. Wild bass grew faster than laboratory-raised 
specimens, and their otoliths were subsequently larger. The larger the 
otolith, the more difficult a precise frontal section is to obtain. 
There was little difference in the percentage of successful sagittal 
sect ions beh.-een laboratory-reared and wild specimens (Table 2). 
The accurracy of frontal and sagittal sections appeared nearly equal 
(Figures 11 and 12). The predictive regressions of number of rings 
counted on age in days for known-age specimens were: 
where, 
Sagittal sections: Y= 0.946 + 2.73, n=42, r= 0.99 
Frontal sections: Y= 0.920 + 3.54, n=80, r= 0.99 
X= the age of the fish in days from swimup, and 
Y= the number of rings counted. 
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The two regressions could not be compared by analysiE of covarience 
because variances were unequal; however they do not appear to differ 
greatly in a biological sense. 
Age Determinations of Wild Specimens 
One hundred and eighty-nine young-of-the-year largemouth bass 
(60 from station I and 129 from station II) were collected from Lake 
Shelbyville during the summer of 1980. Of the 189 fish sampled, ages 
could be estimated for 162 (56 from station I and 129 from station II, 
Table 3). The total lengths of bass sampled ranged from 24.0-146.0 mm 
and the estimated ages from swimup from 19-132 days (Table 3). 
The estimated interval of swimup extended from 7 May to 19 June at 
both stations (Figures 15 and 16). Water temperature at a depth of 1 m 
varied between'13° and 21° C during this interval (Figure 17). 
The total frequency distribution of estimated swimup dates for both 
stations was bimodal with peaks occurring from 20 ~lay to 30 ~lay and from 
9 June to 14 June (Figures 15 and 16). The relatively low number of fish 
which reached swimup stage between 30 May and 4 June may have been 
related to a precipitous drop in water temperature that occurred during 
this interval (Figure 17). 
The estimated frequency of dates at swimup did not vary greatly be-
tween individual collections (Figures 15, 18, and 19). Thus differential 
mortality by age probably did not occur between early and late spawned 
fish, at least between mid June and mid September. 
Growth rates of young-of-the-year largemouth bass were determined by 
dividing the total fish length, corrected for the estimated length at 
swimup (5.0 mm) by the estimated age. Mean estimated growth rates for 
each collection varied from 0.88 to 1.14 mm per day (Table 4). Calculated 
daily growth rates at station I were lowest for fish collected in late 
summer, while gro~~h rates at station II remained constant throughout the 
sampling interval. Mean calculated growth rates, throughout the summer, 
were 0.93 and 0.99 mm per day for stations I and II respectively 
(Table 4). 
The largest samples were taken in September from both stations and 
it was assumed that these samples were the most representative of the 
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population which had survived the first summer of growth. The growth 
rate of bass collected in September was 0.88 mm per day (n= 37) at 
station I and 1.00 mm per day (n= 38) st station II. Thus, by mid 
September, bass had grown significantly faster at station I (t= 3.91, 
P < 0.05, df= 73). 
DISCUSSION 
The smallest visible increments in the otoliths of young-of-the-
year largemouth bass were determined to be daily in occurrence. These 
increments can be used to age bass up to at least 151 days from swimup; 
however the accurracy of age determinations decreases with age. There 
was a tendency to underestimate the ages of older fish. This failure to 
detect all the daily rings was caused by the increasing opacity of the 
otolith with age. This became more pronounced as ring width decreased, 
a result of declining growth rate at lower water temperatures. 
The time of initial daily ring formation varies from species to 
species (Brothers et al. 1976). The first daily ring forms in the 
otoliths of largemouth bass at hatching. Taubert and Coble (1977) re-
ported the first daily ring forms in the otoliths of Lepomis ~- at 
swimup. They also reported prolarval rings of undetermined periodicity 
that were not as distinct as postlarval rings. In this study, prolarval 
and postlarval rings were indistinguishable. As the opacity of the 
nucleus increased with age many prolarval rings became indistinct. 
Therefore, it is recommended that only postlarval rings be used for age 
estimations. 
The first postlarval ring was located from 0.035 to 0.040 mm from 
the center of the otolith. It is believed that this is a close approx-
imation of the radius of all largemouth bass otoliths at swimup. Any 
variations from this distance would be small and in extreme cases, result 
in errors of only 1 or 2 daily rings. 
Two types of tissue (low and high contrast) were found in the 
otoliths of older fish. Taubert and Coble (1977) reported these two 
types of tissue in the otoliths of 89 day old green sunfish (Lepomis 
cyanellus) but did not find low contrast tissue in the otoliths of large-
mouth bass. Schmidt and Fabrizio (1980) found low contrast tissue only 
in the otoliths of wild largemouth bass collected in November and held 
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in aquaria until December. They could not age frontally sectioned 
otoliths containing this tissue. 
Age determinations of largemouth bass may be made using either 
frontal or sagittal sections. The accurracy of the two sections appears 
to be nearly equal however, sagittal sections were much faster and 
easier to prepare and nearly twice as many were considered readable. It 
is concluded that sagittal sections are superior to frontal sections for 
aging young-of-the-year largemouth bass. This may be of greatest im-
portance to studies that require reading large numbers of otoliths. 
A positive linear relationship between sagittae radius and total 
fish length with a y-intercept not substantially different from O indi-
cates that otolith growth is directly proportional to body growth. 
Therefore, the length of age o+ bass at ring formation may be calculated 
using Lea's formula as given by Bagenal and Tesch (1978). Lea's formula 
is given as follows: s 
n 
where, 
1 =--- 1 n s 
s = radius of otoli th (mm) to daily ring "n", 
n 
s = total otolith radius (mm), 
1 = length of fish (mm) when daily ring "n" was formed, 
n 
1 = length of fish (mm) from which otoliths were 
removed. 
The interval of swimup of young-of-the-year largemouth bass in Lake 
Shelbyville during 1980 lasted from 7 May to 19 June. Swimup has been 
reported to occur 8-12 days after spawning (Kramer and Smith 1962, 
Laurence 1969). Therefore, the approximate spawning interval lasted from 
26 April to 19 June. 
The ~ater temperature at a 1.0 m depth at midlake on 26 April was 
0 
around 13 C. Bass have been reported to begin spawning activity in the 
0 
spring when \fater temperatures approach 15.0 C (Coutant 1975, Kramer and 
Smith 1962). .Joy et al. (1977) reported largemouth bass in Lake Shelby-
ville during 1976 and 1977 began spawning near the end of April at water 
temperatures ranging from 13° to 17° C. Therefore, it is believed that 
26 April is an accurrate estimation of when spawning was initiated in 
Lake Shelbyville during 1980. 
Peak intervals of swimup in this siudy were associated with rapidly 
12 
rising water temperatures. A decline in the frequency of bass which 
reached swimup during the first few days in June may be associated 
with a decline in water temperature from 22° to 16° C that occurred from 
27 to 30 April. 
Mortality of largemouth bass eggs and larvae has been related to 
declines in water temperature which may occur in the spring. Kramer and 
Smith (1962) reported a direct relationship between water temperature 
and the survival rate of eggs and newly hatched fry. Sharp drops in 
water temperature may cause nest desertion by the guarding male and 
result in mortality of the eggs due to suffocation or predation (Eipper 
1975). Low temperatures may also affect larvae by causing deformities 
or modified behavior patterns which may increase mortality due to 
starvation or predation (Eipper 1975). 
Differential mortality between early and late spawned fish did not 
appear to occur in Lake Shelbyville between the sampling dates. This 
indicates that after mid June survival of young-of-the-year largemouth 
bass is independent of the date on which they were spawned. 
Literature describing growth rates of young-of-the-year largemouth 
bass is scarce. In this study, the mean estimated growth rates of 0.93 
mm per day and 0.99 mm per day at stations I and II respectively, were 
similiar to the growth rate of 0.87 mm per day determined using otoliths 
of young-of-the-year largemouth bass in New York (Schmidt and Fabrizio 
1980). They were also similiar to those repoeted by Carlander (1977). 
Fish collected in September:~ad a significantly higher growth rate at 
station II than at station I. This was the result of a decreasing 
growth rate during the late summer at station I, while the growth rate 
at station II remained constant. A decreasing growth rate may be a 
result of larger fish avoiding the collecting gear or differential 
mortality. Differential mortality was shown to not have occurred and it 
is believed that electro-fishing gear is not avoided more readily by 
larger young-of-the-year largemouth bass. 
Kramer and Smith (1960) reported that bass fingerlings which ate a 
higher proportion of larger organisms had a higher growth rate than other 
fingerlings, particularly at the end of the first growing season. 
Therefore, the difference in growth rates reported in this study may be 
the result of the availability of larger food organisms at station II 
13 
relative to station I later in the summer. 
In conclusion, it has been shown that daily rings provide a rela-
tively simple, accurrate method for studying the growth history of 
young-of-the-year largemouth bass. Not only do they provide a valuable 
tool for studying the effects of various environmental factors on growth, 
they may also provide valuable information on young-of~the-year popu-
lation dynamics and the spawning interval of adults. 
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Figure 1. Diagramatic view of largemouth bass otoliths. 
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Figure 3. Otolith removed from largemouth bass at swimup. Seven 
prolarval increments are visible. (260 X). 
7 
Figure 4. Otolith from 25 day old largemouth bass (260X). Increasing 
opacity of the nucleus with age makes most of the prolarval rings 
indiscernible. 
18 
Figure 5. Frontal section of otolith from a 98 day old largemouth bass 
(100X). Subdaily rings are visible between prominent daily rings. 
19 
Figure 6. Sagittal section of otolith from 57 day old largemouth bass 
(100X). Intersecting daily rings are visible. 
20 
Figure 7. Sagittal section of 91 day old largemouth bass showing both 
high (A) and low (B) contrast tissue (40X). 
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Figure 11. Relationship of number of rings counted to age in days from 
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Figure 12. Relationship of number of rings counted to age in days from 
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Figure 13. Relationship of number of rings counted to age in days from 
swimup Qf largemouth bass otoliths observed in the sagittal plane (both 
sectioned and nonsectioned). 
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Figure 14. Relationship between sagittae radius and total body length of largemouth bass. 
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Table 1. Chronological age and the number of increments counted in the otoliths of young-of-the-year-
largemouth bass. 
Age Mean number of rings counted 
(Number of days 
from swimup) Sagittal Section SD n Frontal Section SD n 
1 1.0 o.o 2 
2 2.0 o.o 3 
3 3.0 0.3 3 
4 4.0 0.3 3 
5 5.0 0.3 3 
- - - C,l 
C,l 
10 8.5 0 •") .... 5 
15 14.5 1.6 6 
20 18.0 0.6 5 
25 24.0 2.0 3 25.5 0.8 3 
29 30.0 0.8 3 29.0 2.0 3 
35 35.5 0.9 4 34.5 1.5 5 
41 43.0 1.6 6 43.0 2.3 5 
45 44.0 2.5 3 44.0 2.4 5 
50 49.0 o.o 2 49.5 2.7 4 
54 54.0 0.5 2 53.5 3.1 4 
59 60.0 3.2 3 58.0 3.8 3 
Tahle 1. (cont.) 
Age Mean number of rings counted 
(Number of days 
from swimup) Sagittal Section SD n Frontal Section SD 11 
64 62.5 o.o 1 63.0 3.6 4 
69 65.5 o.o 1 68.0 3.2 5 
74 74.5 o.o 1 70.0 0.5 5 
80 78.5 3.7 :°l 79.5 0.8 4 
85 83.5 o.o 1 80.5 1.8 2 
91 90.5 0.0 1 86.5 4.1 5 
95 !)!).0 0.0 1 91.0 2.6 3 
101 97.3 o.o 1 96.0 4.6 4 vi 
o+-
111 106.0 4.6 2 108.0 3.3 3 
121 119.0 3.0 3 122.0 4.6 5 
131 
- -
0 117.0 5.3 2 
141 
- -
0 130.0 5.9 3 
151 142.0 2.3 2 139.5 10.1 3 
35 
Table~. Comparison of the readability of frontal and sagittal sections. 
Known age specimens 
No. ground 
No. readable 
Wild specimens 
No. ground 
No. readable 
Totals 
No. ground 
No. readable 
% success 
Sagittal section 
46 
45 
148 
129 
194 
174 
89.6 
Frontal section 
138 
80 
154 
54 
292 
134 
45.8 
Table 3. Collections of young-of-the-year largemouth bass from Lake Shelbyville during the summer of 1980. 
Date 
18 July 
1 Aug. 
18 Aug. 
8 Sept. 
17 Sept. 
18 June 
10-14 July 
18-24 July 
1 Aug. 
5 Aug. 
18 Aug. 
5 Sept. 
15 Sept. 
1days from swimup 
n 
4 
4 
11 
14 
23 
6 
5 
21 
10 
10 
16 
28 
10 
Mean 
total J ength 
( 111111) 
44.25 
64.50 
90.20 
103.40 
104.50 
27.30 
43.40 
46.30 
50.60 
86.40 
82.10 
104.80 
113.00 
Range 
Station I 
42.0-49.0 
52.0-74.0 
71.0-116.0 
72.0-126.0 
65.0-135.0 
Station II 
24.0-31.0 
31.0-64.0 
37.0-80.0 
44.0-70.0 
61.50-100.0 
48.0-116.0 
60.0-134.0 
88.0-146.0 
Mean 
estimated 
1 
age 
39 
53 
81 
101 
112 
22 
36 
42 
56 
69 
78 
98 
110 
Hangc 
37-43 
37-67 
69-104 
88-116 
97-132 
19-26 
28-49 
35-59 
47-74 
53-76 
63-98 
83-115 
98-121 
CA (j) 
•JI 
Table 4. Mean calculated growth rates from s,..-imup of young-of-the-year 
largemouth bass collected from Lake Shelbyville during the summer of 1980. 
Date Mean age 
Station I 
18 July 39.5 
1 August 53.0 
18 August 85.8 
8 Sept. 100.6 
18 Sept. 112.0 
Station II 
18 June 22.3 
10 July 35.8 
18-24 July 41.9 
1-5 August 62.5 
18 August 78.4 
5 Sept. 98.4 
15 Sept. 110.8 
Mean estimated growth rate Station 
Mean estimated growth rate Station 
Mean growth rate 
(mm/day) 
1.00 
1.14 
0.99 
0.89 
0.88 
1.00 
1.08 
0.95 
1.00 
0.97 
1.00 
1.02 
I= 0.93 mm/day 
II= 0.99 mm/day 
n 
4 
4 
11 
14 
23 
6 
6 
21 
20 
16 
28 
10 
38 
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